This study shows for the first time the mechanism of carbapenem resistance of a Klebsiella pneumoniae clinical isolate TJ8 recovered from Tianjin Medical University General Hospital ,China. The modified Hodge test and EDTA synergy test were performed for the screening of carbapenemases and metallo-β-lactamases (MBLs), respectively. Polymerase chain reactions and DNA sequencing confirmed that the strain carried IMP-4 metallo-β-lactamase (MBL) , SHV-11 and TEM-1 β-lactamase.
INTRODUCTION
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In this study, an ertapenem-resistant K. pneumoniae strain was collected from our hospital and its mechanisms of carbapenem resistance were analyzed. To our knowledge, this is the first report of a clinical isolate of K. pneumoniae producing a MBL in Tianjin district of China. A further study revealed that this K. pneumoniae strain carried integron-borne bla IMP-4 .
MATERIALS AND METHODS
Bacterial strains and reagents
In November 2009, a K. pneumoniae strain (TJ8) was isolated from sputum sample from a patient in cadre ward in Tianjin Medical University General Hospital ,China. The strain isolated was identified as K. pneumoniae by using the Vitek2
Compact system (bioMe´rieux, France).
Antimicrobial susceptibility testing
Susceptibility testing was performed by using the Vitek2
Compact system and the disk diffusion method according to the guidelines of the Clinical and Laboratory Standards Institute (3) .
Carbapenemase assays
A modified Hodge test was performed to screen carbapenemase production (3). A suspension of E. coli ATCC 25922, which was adjusted to the turbidity of 0. 1 minute, and a final elongation at 72ºC for 10 minutes. PCR amplification products were purified and sequenced using an ABI PRISM 3730XL sequencer analyzer (ABI Co. USA).
Sequences were compared with the GenBank database via the BLAST network service. Metallo-β-lactamase producing K. pneumoniae 
RESULTS
Antibiotics susceptibility
MIC method showed reduced susceptibility to imipenem and meropenem with MICs of 2 and 4 μg/ml, and resistance to ertapenem with MIC of 16 μg/ml. The isolate was highly resistant to β-lactams except piperacillin/tazobactam ,quinolones ,aminoglycosides and aztreonam. These results suggest the production of MBL. However, K-B method showed resistance to imipenem and meropenem with zone of 13 and 10 mm. (Table 2) . 
Carbapenemase assays
The isolates was positive for carbapenemase by modified
Hodge test (Fig. 1) . EDTA-disk synergy test was positive ( Fig.   2 ) which indicated the isolate probably produced metallo-β-lactamase.
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Metallo-β-lactamase producing K. pneumoniae Similar to results in previous reports (13, 9) , the K.
pneumoniae isolate in this study showed "susceptible" results to IMP and MEM by using automated instrumentation, and in the mean-time, the strain showed resistant results to IMP and MEM by using K-B method. As is reported by some researchers, automated instrumentation may fail to detect the resistance of carbapenem strains against carbapenem antibiotics. The main cause is that carbapenem strains have clear inoculation effect, which affects the MIC of imipemen.
IMP-4 metallo-β-lactamase producing K. pneumoniae emergence represents a serious diagnostic challenge for microbiology laboratories, as well as challenges for infection control and antimicrobial drug management. IMP might spread without attracting attention. Microbiologists should be aware of suspicious gram-negative bacteria with reduced susceptibility to carbapenems, and examine their carbapenemase activity.
